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ART. XXIV.-On the Theory oj Types in Ohemistry; by 
T. STERRY HUNT, F.R.S. 

IN the Annalen der Chimie und Pharmacie for March, 1860 
(cxiii, 293), Kolbe has given a paper on the natural relations 
between mineral and organic compounds, considered as a sci. 
entific basis for a new classification of the latter. He objects to 
the four types admitted by Gerhardt, (namely, hydrogen, hydro
chloric acid, water and ammonia,) that they sustain to organic 
compounds only artificial and external relations, while he con· 
ceives that between these and certain other bodies there are nat· 
ural relations having reference to the origin of the organic spe-
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cies. Starting from the fact that all the carbon compounds found 
in the vegetable kingdom are derived from carbonic acid with 
the concurrence of water, he proceeds to show how all the bod
ies of the carbon series may be deduced from an oxyd of carbon, 
which is either carbonic acid, carQonic oxyd, or the hypothetical 
CliO. 

When in the former (C 204) we replace an atom of oxygen 
by one of hydrogen we have Cs 0 3ll, or anhydrous formic acid j 
the replacement of a second equivalent would yield ClIO,R1U 

or the unknown formic aldehydj a third, CaOR a, the oxyd of 
methyl, and a fourth, CaR4' or formene. By substituting me
thyl, CsRa. for one or more atoms of hydrogen in the preceding 
formulas we obtain those of the corresponding bodies of the 
vinic series, and it will be readily seen that by introducing the 
higher alcoholic radicals we may derive from CsO. the formulas 
of all the alcoholic series. A grave objection to this view is 
however found in the fact that while the anhydrid may in this 
way be made the type of the aldehyds, acetones and hydrocar
bons, it becomes necessary to assume the hypothetical Cs 0 4RO 
as the type of the acids and alcohols. Oxyd of carbon, CliO a' is 
according to Kolbe to be received as the type of hydrocarbons 
like olefiant gas, (CaR.CaHa,) while CliO, in which ethyl re
places oxygen is CaRs or lipyfe, the supposed triatomic base of 
glycerine. 

The monobasic organic acids are thus derived from a single 
molecule of carbonic acid, while bibasic acids like the succinic 
are by Kolbe deduced from a double molecule, and tribasic acids 
like citric from a triple molecule, C 80 Ill. He moreover com
pares sulphuric acid to carbonic acid and deduces from it by sub
stitution the various sulphuric organic compounds. Ammonia, 
phosphuretted and arseniuretted hydrogen are regarded as so 
many types, and by an extension of his view of the rep'lacement 
of oxygen by electro-positive groups the ethylids lIke ZnEt, 
PbEtll , and BiEt3' are by Kolbe assimilated to the oxyds, ZnO, 
PbO ,l , and BiO a.* 

Ad. Wurtz, in the .Repertoilre de OMmie Pure for October, 1860, 
has given an analysis of Kolbe's memoir (to which, not having 
the OrigiIlal before me, I am indebted for the above sketch), and 
follows it by a judicious criticism. While Kolbe introduces as 
types a number of mineral species, including the oxyds of car
bon, sulphur, and the metals, Wurtz would maintain but three, 
hydrogen (Ha), water (HIIO,), and ammonia (NH3~ and these 
tliree types, as he endeavored to show in 1855, represent differ
ent degrees of condensation of matter. The molecule of hydro
gen, R,I or MI , corresponding to four volumes, combines with 

* See on this subject Dr. Frankland's late excellent lecture on Organo-metallic 
bodies in the Quarterly Journal of the Chemical Society, July, 1860, NoB. L, LI. 
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two volumes of oxygen (Os) to form four volumes of water, and 
may thus be regarded as condensed one· half in its union with 
oxygen, and derived from a double molecule, Ms Ms. In like 
manner four volumes of ammonia, NH 3 , contain two volumes 
of nitrogen and six of hydrogen, which being reduced to one
third corresponds to a triple molecule, MaM3' so that these three 
types and their multiples are reducible to that of hydrogen more 
or less condensed.-(Wurtz, Ann. de CMmie et de Physique, [3], 
xliv, 302.) 

As regards the rejection of water as a type of organic com
pounds and the substitution of carbonic acid, founded upon the 
consideration that these bodies in nature are derived from CsO" 
Wurtz has well remarked that water, as the source of hydrogen, 
is equally essential to their formation, and farther that the car
bonic anhydrid, like all other anhydrous acids, may be regarded 
as a simple derivative of the water type. Having then adopted 
the notion of referring a great variety of bodies· to a mineral 
species of simple constitution, water is to be preferred to car
bonic acid, 1st, because we can compare with it many mineral 
compounds which can with difficulty be compared with carbonic 
acid, and 2d, because the two atoms of hydrogen in water being 
replaceable singly, the mode of derivation of a great number of 
compounds (acids, alcohols, ethers, etc.) is much more simple 
and natural than from carbonic acid. As Wurtz remarks, Kolbe 
has so fully adopted the theory of types that he wishes to multi
ply them, and even admits condensed types, which are, how
ever, molecules of carbonic acid and not of water; "he combats 
the types of Gerhardt and at the sa~e time counterfeits them." 

Thus far we are in acoordance with Wurtz, who has shown 
himself one of the ablest and most intelligent expounders of 
the doctrine of molecular types as above defined, now almost 
universally admitted by chemists. He writes, "to my mind the 
idea of referring to water, taken as a type, a very great number 
of compounds is one of the most beautiful conceptions of mod
ern chemistry;" and again he declares the idea of regarding 
water and ammonia as representatives of the hydrogen type 
more or less condensed, to be so simple and so general in its ap
plication that it is worthy "to form the basis of a system of 
chemistry." (Repertoire de Chimie Pure, 1860, pp. 856-359.) 

We have here two important conceptions; toe first is that of 
hydrogen and water regarded as types to which both mineral 
and organic species may be referred, and the second is the no
tion of condensed and derived types, according to which we not 
only assume two or three molecules of hydrogen, water or am
monia as typical forms, but even look uyon water as the deriva
tive of hyaiogen, which is itself the pnmal type. 
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As to the history of these ideas, Wurtz remarks that the prop
osition enunciated by Kolbe that" all organic bodies are derived 
from mineral compounds, from which they take their origin, in 
part directly, by processes of substitution of great simplicity," 
is not new, but "known in the science for about ten years. 
Williamson was the first who said I alcohol, ether and acetic 
acid are compounds comparable to water, organic waters.' Hof
mann and myself had already compared the compound ammo
nias to ammonia itself. * * * To Gerhardt belongs the merit of 
generalizing these ideas, of developing them, and supporting 
them with his beautiful discovery of anhydrous orgamc mono
basic acids. Although he did not introduce into the science 
the idea of types, which belongs to Dumas, he gave it a new 
form, which is expressed and essentially reproduced by the prop
osition of Kolbe." U Gerhardt reduced all organic bodies to four 
types, hydrogen, hydrochloric acid, water and ammonia." (Reper
toire, etc., p. 355.) 

The historical inaccuracies of the passage just quoted are the 
more surprising, since in March, 1854, I published in this Jour
nal ([2], xvii, 194,) a concise account of the progress of these 
views. This paper was republished in the Ohemical Gazette 
(1854, p. 181), and copies of it were by myself placed in the 
hands of most of the prominent chemists of England, France 
and Germany. In this papel' I have shown that the germ of 
this idea of mineral types is to be found in an essay by Auguste 
Laurent, (Sur les combinaisons azotees, Ann. de Ohimie et de Phys
ique, Nov. 1846,) where he showed that alcohol may be looked 
upon as water H 2 0 2 in which ethyl (C 4 H .• ) replaces one atom 
of hydrogen, while hydric ether is the result of a complete sub
stitution of the hydrogen by a second atom of ethyl. Hence he 
observed that while ether is neutral, alcohol is monobasic and 
the type of the monobasic vinic Mids, as water is the type of 
bihasic acids. In extending and developing this idea of Laurent's 
I insisted in March, 1848, and again in January, 1850, upon the 
relations between the alcohols and water as one of homology, 
water being the first term in the series, and Hz in like manner 
the homologue of formene and acetene, while the bases of Wurtz 
were said to sustain to their corresponding alcohols the same 
relation that ammonia does to water. (This Journal, v, 265, ix, 
65.) 

In a notice of his essay published in September, 1848, (Ibid, 
vi, 173,) I endeavored to show that Laurent's view might be 
farther extended so as to include in the type of water, "all 
those saline combinations (acids) which contain oxygen," and in 
a paper read before the American Association for the Advance
ment of Science, at Philadelphia in Sept. 1848, I farther sug
gested tha.t as ma.ny neutral oxygenized compounds which do 
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not possess a saline character are derivatives of acids which are 
referrable to the .type Ha 0 a' "we may regar~ all oxygenated 
bodies as belongmg to the type H a0 2," whICh as I farther 
showed in the same essay is but a derivative of the primal type 
H a, to which I referred all hydrocarbons and their chlorinized 
derivatives, as also the volatile alkaloids, which were regarded 
" as arnidized species" of the hydrocarbons, in which the residue 
amidogen, NH2 , replaced an atom of H or 01, or what is 
equivalent, the residue NH took the place of O2 in the corres
ponding alcohols. (Ibid., viii, 92.) 

In the paper published in Sept. 1848, I showed that while 
water is bibasic, the acids which like hypochlorous and nitric 
acids are derived from it by a substitution of 01 and IS 0 4 

for H, are necessarily monobasic, and I then pointed out the 
possi.ble existence of the nitric anhydrid (NO 4) 202, the result of 
a complete substitution, which was soon after discovered by 
Deville. Gerhardt at this time denied the existence of anhydrids 
of monobasic acids; he regarded anhydrids as characteristic of 
polybasic acids, and indeed was only lead to adopt my views by 
the discovery of the very anhydrids whose formation I had 
foreseen.* 

In explaining the origin of bibasic acids I described them as 
produced by the replacement in a second equivalent of water of 
an atom of hydrogen by a monobasic saline group j thus suI
phuriCl acid would be ,SaHOa H)Oa. Tribasic acids in like 
manner were regarded as derived from a third equivalent of 
water in which a bibasic residue replaces an atom of hydrogen. 
The idea of polymeric types was still farther illustrated in the 
same paper where three hydrogen types were proposed, (HH), 
(HsHa) and (HaHa), corresponding to the chlorids MCI, MCl a, 
and MCl s • (This Journal, vi, 174.) 

I also showed that hydrogen is to be looked upon as the fun· 
damental type, from which the water type is derived by the re
placement of an atom of hydrogen by the residue HOa j thus 
(HO s • H), (Ibid, viii, 93). In the same way I regarded ammo
nia as water in which the residue NH replacerl Oa. 

r farther pointed out that sulphur in its ordinary state was to 
be regarded as a triple molecule, 8 3 (or 8 6 =4 volumes), and 
referred sulphurous acid, SOa (S204)' to this type to which also 
belongs selenic oxyd. At the same time I suggested that the 
odorant form of oxygen, ozone might be 0 3 • Wurtz has since 
adopted sulphur vapor at 4000 O. or S6 as the type of the triple 

* The anhydrids of the monobasic acids correspond to two equivalents of the 
acid minus one equivalent of water, as 2(NHOs)-H20=NaOIO, while those of the 
bibasic acids are formed from one equivalent of the acid by a aimilar elimination 
(If an equivalent of water, thus C2H20S-H202=C204. Hence both classes of 
anhydrids are to be referred. to the type of ODa molecule of water, 11202. 
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molecule.-(Ann. de Ohim. et de Phys., xliv, 810.) In the same 
paper I suggested that gaseous nitrogen was to be regarded as 
an anhydrid amid, or nitryl, which may be derived from nitrite 
of ammonia as nitrous oxyd is from the nitrate, thus (NO s . 
NH40)-4HO=NN.*-(This Journal, v, 408, vi, 172.) A late 
"triter attributes this view to Gerhardt, who adopted it from me. 

I have always protested against the view which regards the 
so-called rationaf formulas as expressing in any way the real 
structure of the bodies thus represented. These formulas are 
invented to explain a certain class of reactions, and we may 
construct from other points of view other rational formulas 
which are equally admissible. 

As I have elsewhere said" the various hypotheses of copu
lates and radicals are based on the notion of dualism, which has 
no other foundation than the observed order of' generation, and 
can have no place in the theory of the science." All chemic!ll 
changes are reducible to union (identification,) and division 
(differentiation). When in these changes only one species is 
concerned, we designate the process as metamorphosis, which 
may be by condensation or by expansion (homogeneous differ
entiation). In metagenesis on the contrary unlike species may 
unite, and by a subsequent heterogeneous differentiation give rise 
to new species, constituting what is called double decomposition, 
the results of which, differently interpreted, have given origin to 
the hypothesis of radicals and the notion of substit-qtion by 
residues to express the relations between the parent species and 
their progeny. The chemical history of bodies is a record of 
their changes j it is in fact their genealogy, and in making use 
of typical formulas to indicate the derivation of chemical species 
we should endeavor to show their ordinary modes of generation. 
(See On the theory of chemical changes, this Journal, xv, 226 j 
L. E. do D. PMl. Mag., [4J, v,526, and Ohem. Oentralhwtt, 1853, 
p. 849, also Thoughts 6n solution, this Journal, xix, 100, and 
Ohem. Gazette, 1855, p. 92.) 

Keeping this principle in mind, let us now examine the theory 
of the formation of acids. As we have just seen, I taught 
in 1848 that the monobasic, bibasic and tribasic acids are derived 
respectively from one, two and three molecules of water, R.O •. 
Mr. Wurtz in 1855 putforth a similar view. He supposes a mon
atomic radical PO /, a diatomic radical PO 3 ", and a triatomic 
radical PO."/ replacing respectively one, two and three atoms 
of hydrogen in RaOIl' H 40 41 and HoOo j thus (PO/H)Oa 
(POS"HII)04, and (PO/"Hs)Oo' These radicals evidently cor
respond to PO 5 which has lost one, two and three atoms of ox-

* May not nitrogen, as we have elsewhere suggested, under certain conditions 
regenerate ammonia and a nitrite, and may not this reaction enter into certain pro
cesses of nitrification i I propose at an carly day to consider this question. 

AM. JOUR. SCI.-SBCOND SBIlIES, VOL. XXXI, No. 92.-M.uCH, 1861. 
34 
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ygen in reacting upon the hydrogen of the water type, and the 
acids may be accordingly represented as found by the substitu
tion of the residue PO 5 - 0, for H, etc. 

To this manner of representing the generation of polybasic 
acids we object that it encumbers the science with numerous hypo
thetical radicals, * and moreover fails to show the actual succ,s
sive generation of the series of acids in question. When phos
phoric anhydrid P aO) O=(P04)~Oa is placed in contact with 
water it combines with one equivalent, HaOll' The union is 
followed by homogeneous differentiation, and two equivalents of 
metaphosphoric acid result; (PO 4)202 +HaOa =2(PO 4H)Oa' 
Two equivalents of this acid in contact with one of water at 
common temperatures are slowly transformed into two of pyro
phosphoric acid, by a reaction precisely similar to the last j 
2(PHO 6)=(PH05):aOa +H 2 0a=2(PHO •. H)Os; and twoequiv
alents of pyrophosphoric acid when heated with a third equivalent 
of water yield in like manner two of tribasic phosphoric acid; 
2(PHa07)=(PH206)sOa+H:aOa=2(PHa06·H)01l=2PHsOa· 

The above; which we conceive to be a simple statement of the 
process as it takes place in nature, dispenses alike with hypo
thetical radicals and residues, both of which are however con
venient for the purposes of notation. In .the selection of a typical 
form to which a great number of compounds may be referred, 
hydrogen or water, from its simplicity, as already remarked by 
Wurtz, and also from the important part which it plays in the 
generation of species, merits the preference. Water and carbonic 
acid are both so directly concerned in the generation of the bodies 
of the carbon series, that either may be assumed as the type, 
but we prefer to regard 0 2 0 4 like all the other anhydrids as a 
derivative of water and eventually of the hydrogen type. 

These views were first put forward by myself in 1848, when 
I expressed the opinion that they were "destined to form the 
basis of a true natural system of chemical classification," and it 
wa.s only after having for four years opposed them to those of 
Gerhardt, that this chemist in June, 1852, renounced his former 
views, and without any acknowledgment, adopted my own (Ann. 
de Ohimie et de Physique [3J, xxxvii, 285). Already in 1851, 
Williamson in a paper read before the British Association de
veloped the ideas relative to the water type to which Wurtz 
refers above, and to Williamson the English editor of Gmelin's 

* Those :who are familiar with chemical literature will remember an amusing 
jeu d'esprit-of the lamented Laurent in which he invited the attention of the advo
cates of the radical theory to a new electro-negative radical which he named Eurhi· 
zene, (Oumptes Rendus dtJ8 Travau:t dtJ Ohemie, 1860, pp. 261 and 8'76). It was not 
without a smile that we observed a late writer in The Ohemical News, vol. i, 826, 
proposing as a newly invented radical under the name of hydrine, the peroxyd of 
hydrogen H02, the eurhizene of Laurent! 
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Handbook, ascribes the theory. The notion of condensed types, 
and of hydrogen as the primal type, was not so far as I am 
aware brought forward by either of' these, and remained unno
ticed until resuscitated by Wurtz in 1855, seven years after I 
had first announced it, and one year after my reclamation pub
lished in this Journal in March, 1854. 

My claims have not however been overlooked by Dr. Wolcott 
Gibbs j in an essay on the polyacid bases, he remarks that in a 
prEllVious paper he had attributed the theory of water types to 
Williamson and Gerhardt, and adds "in this I find I have not 
done justice to Mr. T. Sterry Hunt, to whom is exclusively due 
the credit of having first applied the theory to the so-called 
oxygen acids and to the anhydrids, and in whose earlier papers 
may be found the germs of most of the ideas on classification 
nsually attribnted to Gerhardt and his schooL" (Proc. Amer. 
Assoc. for the Advancement of Science, Baltimore, May, 1858, 
p.197.) 

It will be seen from what precedes that I not only applied the 
theory, as Dr. Gibbs says, but except so far as Laurent's sugges
tion goes, invented it and published it in all its details some 
years before it was accepted by a single chemist. 

In conclusion I have only to ask that future historians will do 
justice to the memory of Auguste Lanrent, and will ascribe to 
whom it is due the merit of having given to the science a theory 
which has exercised such an important influence on modern 
chemical speculation and researcli, remembering that my own 
publications on the subject, which cover the whole ground, were 
some years earlier than those of Williamson, Gerhardt, Wurtz 
or Kolbe. 

Montreal, Canada, Jan. 5, 1861. 

Note to Mr. Hunt's paper on Types.-Gerhardt long since maintained 
that we can not distinguish between polybasic salts and what are called 
8ubsalts, which are as truly neutral salts of a particular type. Thus the 
bibasic and tribasic phosphates are to be looked upon as subsalts which 
sustain the same relation to the monobasic phosphates that tbe basic nit
rates bear to the neutral nitrates. He succeeded in preparing two crys
talline subnitrates of lead and copper, having the formulas NOs.M20 2. 
no (tribasic), and N0 6 .M,0,.RsOs (quadri or septabasic), both of 
·which rf'tain their water of composition at 8920 F. The compounds of 
sulphuric acid are, 1st, the true monobasic sulphate, 82 °6 .MO, corres
ponding to the N ordhausen acid and to the anhydrous bisulphates. 211. 
the ordinary neutral sulphate, 8,Oe.M202' 3d, the so-called disul
phates, S206.M,0" corresponding to the crystallized or glacial acid. 
density 1'780 j 4th, the sulphates, 820e-.MSO , represented by turpeth 
mineral j and, 5th. the so-called quadribasic sulptate, 82°6 • MsOs' The 
copper salt of this type, according to Gerhardt, retains moreover 6RO at 
3920 F. Without counting the still more basic 8ulphates of zinc and 
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copper described, by Kane and Schindler, 'We have a monobasic sulphate, 
a, 8aHOz; a bibasic, b, 8aHaOs; a quadribasic, c, 8aH40IO; a sex
basic, d, lSaH s012; and an octobasic, e, SaHaOu' (Gerhardt on Salt" 
Jour. de Pharmacie, 1848, vol. xii, and this Jour., vi, 386.) These salts, 
in accordance with Wurtz's notation, correspond to the following radi
cals: a, 8a0 6 , monatomic; b, Sa04' diatomic'; c, SaOa, quadri-tetra
tomic; d, Sa, hexatomic; and e, Sa-OIO' octo-atomic. It is easy to 
apply a similar reductio ad ab8urdum to the radical theory in the case of 
the oxychlorids and other basic salts and to show that the radicals of the 
dualists are often merely algebraical expressions. (See farther my re
marks, this Journal, vii, pp. 102-104.) 




